The dispersion relation equation is used to directly compute wave number and wave length to compliment water wave pressure sensor readings. Waves are measured to help coastal engineering to better mitigate coastal infrastructures. Various given wave periods and water depths are used to show how the dispersion relation equation could compute wave length. Also, shallow and deep-water approximations are formulated from the dispersion relation equation and the results are compared.
2 directly measured by wave pressure sensors. [Wang and Stone, 2005] Proper calculation of wave length can be used to better engineer coastal infrastructure to reduce disasters like in Columbia.
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
The dispersion relation equation used to compute wave length is dependent on gravitational acceleration, wave period, and water depth. Wave length is the distance between two consecutive wave crests or troughs. Gravitational acceleration is a constant of 9.8m/s 2 . Wave period is the time it takes for two consecutive crests to pass a certain point. Water depth is the depth of a wave below the water surface. [Wang and Stone, 2015] 
In equation 1, g is the gravitational acceleration constant, T is the wave period, and h is the water depth. The tangent hyperbolic function is used to represent the ratio of hyperbolic sine and hyperbolic cosine. After combining all the constants, the equation can then be represented as = 1.56 2 tanh 6.28ℎ .
When given wave period and depth via wave sensors, one can compute the wave length, L, and wave number (k = 6.28/L). Numbers for variables from hereon are hypothetical to give examples of how the dispersion relation can be used to derive L and k. Excel worksheet formulation is used to ease the trial and error process of computing these variables.
Six trials are conducted to calculate the wavelength using equation 2: three shallow and three deep water calculations. After computing the results, shallow and deep-water approximations are derived from equation 1. First, deep-water approximation is computed with the assumption that water depth is very large which can be illustrated as:
is very large.
The tangent hyperbolic factor in (1), namely:
can be replaced with its exponential description As mentioned above, for the deep-water approximation to work, x is assumed to be very large. If
x is very large, then 2 is very large. Hence we can use the following approximation:
Therefore, the tangent hyperbolic function of x is approximately equal to 1, so the deep-water approximation can be represented as
Equation 3 is used to validate deep-water results from equation 1 using all the known variables.
Shallow water approximation is also derived from equation 1. The very common Taylor series at zero of the exponential function is used to derive the equation for shallow water approximation:
Hence 2 ≈ 1 + 2 for small x and tanh ≈ 1 + 2 − 1 1 + 2 + 1 = 2 2( + 1) = + 1 ; = 2 ℎ .
To properly calculate the shallow water approximation, x is assumed to be very small. Plugging in the above computation into equation 1 will result in the approximation of
Now that approximation equations have been derived, the known variables can be plugged in to find the approximations that correspond with equation Besides the fact that using the approximation equations is more time saving, the approximation seems to be more straightforward if someone does not have the appropriate resources.
The Dispersion Relation equation seems to be even more accurate with deep water calculations due to the very large water depth which makes hyperbolic tangent to be very close to Table 1 showcases the values that are computed via Excel. Wave length (L) is highly dependent on wave period (T) because the faster a wave passes a successive point, the shorter the wave length is. This can be seen in Trials 1 and 2 that share the same wave depth (h), but different wave period and therefore different wave lengths. The difference in water depth is also irrelevant in Trials 4 and 5. In Trial 4, water depth is shorter and period is quicker, but still shares a similar wave length as in Trial 5. The shallow and deep-water approximations for these values are as shown in Table 2 . The approximations are all within <2m. This high difference of values can be due to equation 2 being hard to use to compute wave length.
As previously discussed, the shallow and deep-water approximations are more ideal to use if time and resources are not available. No doubt, there is highly sophisticated software that can more accurately use Equation 2. Figure 1 should not occur again and can very well be prevented using wave models and computations.
A recommendation that would have made this project easier is having a better understanding of formulas within Excel worksheets. The more educated someone is in Excel, the easier and less time consuming it would be to calculate wave length. Two, Vol. 9, Iss. 2 [2019], Art. 3 
